Abstract. The Zhetysu (Junggar) Alatau mountain system consists of mainly two parallel, high mountain ranges: the northern and the southern. The natural border between the ranges is the Koksu river and the Boro Tala river (located in China). Climate conditions, water resources, soil cover, altitudinal zonality of plant cover vary in the northern and the southern ranges (macro slopes). The aim of the research was to give phytocoenotic characteristic of meadow vegetation, to determine the ecological-physiognomic types of meadows, to identify the species composition of natural communities and indicators of anthropogenic influence. Meadow vegetation inhabits a wide altitudinal range from piedmont deserts and low-hill terrains to subalpine and alpine belts, with a high degree of species and phytocoenotic diversity. According to ecological-physiognomic classification, 6 vegetation types of meadows are found in the Zhetysu Alatau Mountains: halophytic on meadow-serozem saline soils, flood-plain-valley (forb-grass typical, grass-forb on floodplain meadow and meadow-chernozem soils; swamp meadows on paludalmeadow soils), steppe on meadow-chernozem and meadow-kastanozem soils, mid-mountain rich grassforb on ordinary and leached chernozems, high-mountain subalpine on mountain-meadow subalpine turf soils, high-mountain alpine on mountain-meadow alpine turf soils. The meadows of the northern range are most diverse, those of the southern, more arid one, are fragmentary. Meadow vegetation is mostly used for grazing and haying, sometimes for tillage. Oftentimes, river valleys are significantly impacted by recreation. The degree of human-induced degradation is assessed as moderate, with sites of severe degradation of vegetation cover. Within the limits of the "Zhongar Alatau" and "Altyn Emel" National Parks remain natural samples of the Zhetysu Alatau meadow vegetation.
Introduction
Meadow is grass and forb community of mesophilic and halomesophilic, mostly rhizomatous plants that have the winter break of the growing season (Bykov, 1973) . Meadows are subdivided into floodplain (riparian), watershed (mainland) and mountain.
The study of meadow vegetation (grasslands) pays great attention due to their high significance. Grasslands are very important from nature conservation aspects but they have economic importance as well. Therefore it is vital to know the species Lipsch., Berberis iliensis M. Pop., Corydalis semenovii Regel, Rhodiola rosea L., Malus sieversii (Ledeb.) M. Roem., Euonimus semenovii Regel & Herd., Louiseania ulmifolia (Franch.) Pachom., Silaum saxatilis Bajt., Stemmacantha carthamoides (Willd.) M. Dittrich., etc.).
For us it was very interesting to compare research in Kazakhstan with data obtained in China. As the Boundary Mountain between China and Kazakhstan, Alatau Mountain is situated in the northern part of Borotala Mongolia Autonomous Prefecture of Xinjiang and is between the Yili (Ile) river and Alakol Lake. Due to limited precipitation, the southern slope within the territory of China belongs to extreme arid climate. However, moisture from the Atlantic can still enter into windward mountains because they are not too high. As a result, relatively dense forest and meadow vegetation are presented in local areas. In addition, steppe and desert vegetation occupy the southern and eastern mountains areas of lower altitudes (Ma, 2008) . Thus, vertical altitude and habitat diversification (from the low to high and from the plain desert to mountain) provide favorable conditions for the development of all types of vegetation, formed a vertical belts characterized by desert, grassland, shrub, forest, meadow and alpine vegetation (Zhao et al., 2013a) .
From the perspective of ecological geography and flora distribution, Alatau Mountain locates just in transition zone of Central Asia, Middle Asia and Siberia plant area. Therefore, natural environment has changed over the geological history, which provides some advantages for approaching, mixing and specializing of different floristic elements and makes the flora of this region characterized by polydemic (Hai et al. Meanwhile, wild relatives of plant resources are also rich in this area. According to the investigation, there are 188 species of relatives of cultivated plants including 64 species crop wild relatives, 124 species of relatives of cultivated forage grasses in Xiaerxili (Zhao et al., 2013b) . Among the relatives of cultivated crops: there are 33 species of wild relatives of wheat and barley, 1 species of wild oat, 2 species of wild millet, 7 species of wild relatives of pea, 6 species of wild relatives of oil crop, 15 species of wild Allium. Among the relatives of forage grass: there are 69 species of leguminous forage, 47 species of grasses, and 8 species of Chenopodiaceous forage. These relative plants enrich the gene pool of cultivated crops in China, and increase the genetic diversity of cultivated crops.
From the above it follows that most studied for Kazakhstani and Chinese parts of the mountains are flora, rare and economically valuable plants. Detailed geobotanical studies and descriptions of vegetation types in the Kazakhstani part of the Zhetysu Alatau Mountains were held in the middle of the last century. Therefore, the primary objective was to assess the current state of vegetation cover.
The studies were conducted during the third decade of July in 2014-2015. The studies resulted in articles published on altitudinal belt regularities and vegetation types of the Zhetysu Alatau southern range (Dimeyeva and Ablaikhanov, 2014; Dimeyeva et al., 2015а), steppe vegetation of the Zhetysu Alatau (Dimeyeva et al., 2015b ). This work focuses on meadow vegetation, one of the mostly distributed vegetation types in the Zhetysu Alatau Mountains. In face of the predecessors' researches, an inventory making of meadow vegetation is currently of great importance for revealing common regularities of distribution, assessing human-induced loads on natural ecosystems and for developing measures on sustainable utilization.
It is important to note that in the region there are two national parks. The establishment of the "Zhongar Alatau" National Nature Park in 2010 covering 356,000 hectares contributed to the conservation of the unique biological diversity of the northern range. In the southern range exists National Nature Park "Altyn Emel" established in 1996 occupied the area of 520,200 hectares. Botanical survey of the areas was carried out before the opening of the national parks. Currently, monitoring of key species and communities is carried out. This is the first detailed geobotanical study after a long period of their absence, and for the meadow vegetation it is the first analysis. Each vegetation description entered into the GIS and will be used for the purposes of mapping.
Materials and methods

Study area
The Zhetysu Alatau mountain system is located in the eastern part of Kazakhstan, stretching from the west and south-west to the east and north-east along the state frontier of Kazakhstan and China between the Ile river and Alakol lake. In the east the mountains are separated from China-located Barlyk and Miley ridges by the Junggar Gates, in the south the mountains are separated from the Tien Shan northern chainsthe Ile Alatau and Ketmen ranges by the Ile river valley (Gvozdetskyi and Mikhailov, 1978) . The Zhetysu Alatau Mountains are extended in the latitudinal direction along 450 km, and with a width of 100-250 km. The Zhetysu Alatau mountain system consists of several high parallel ranges (generally two, the northern and the southern) (Relief of Kazakhstan, 1991) . The longest mountain chain stretches in the north. The natural border between the ranges is the Koksu river (length of 205 km) and the Borotala river (length of 250 km, located in China).The southern range has several parallel ridges. It begins as Suuktube and Sarychaban ridges in the west, followed by Toksanbay, Besmainak, Tyshkantau to the east (in the limits of Kazakhstan). The mountains continue in China as Bedzhintau and Boro-Horo ridges. The average height of the mountains is 3770 m above sea level (a.s.l.).The highest point of the northern range is the Semenov-Tianshanski (Besbaskan) mountain (4662 m a.s.l.), the Panfilov (Ormekshi) mountain (4359 m a.s.l.) is the highest point of the southern range. The snow line is at the height of 3200-3800 m a.s.l. The area of glacier covering is about 1000 square kms. The glacierization in the northern slope is more than in the southern one. The number of glaciers is over 1,000. The glaciers are for the most part in the stage of contraction. There are traces of two ancient glaciations. The largest Voeikov glacier is located in the upper stream of the Chizhin river. Its length is 8.6 km.
The climate is continental. It is characterized by considerable solar insolation, dry and warm summer, cold winter with low snow in the foothills, frequent temperature inversions and grate snow cover in the mountains (Gvozdetskyi and Mikhailov, 1978 Surface water resources are abundant (Lvovich, 1984) . Most of rivers belong to the Balkhash lake basin: the Horgos, Koksu, Lepsy, Karatal, Usek, Sarkan, Tyshkan, Borohudzir, etc. Some of the rivers belong to the Alakol-Sasykkol lakes basin: Tentek, Tastau. There are no big rivers in the Zhetysu Alatau Mountains with large watershed area (with the exception of the Lepsy river), their total water content is not great. However, due to the large amount of precipitation in mountainous areas, specific stream flow rate attains large values. By the type of hydrological regime, most of the rivers belong to streams with spring-summer seasonal flood, with maximal discharges falling at snow cover melting in spring and at the account of glacier-derived nourishment of rivers in summer.
In soil cover distribution by altitudinal belts, the vertical zonation reveals itself differently in the northern and southern ranges (Sokolov et al., 1978; Dimeyeva and Ablaikhanov, 2014) . The altitudinal belts of the northern range: the belt of piedmont deserts (600-800 m a.s.l.); the steppe belt with sub-belts of desert steppes (800-1000 m a.s.l.), fragments of true steppes (1000-1200 m), and meadow steppes (1200-1700 m a.s.l.); the belt of small-leaved forests (1400-1700 m a.s.l.), the belt of dark coniferous forests and meadows (1700-2300 m a.s.l.); the belt of sub-alpine meadows, steppes and elfin woods (2300-2800 m a.s.l.); the belt of cryophytic (alpine) meadows (2800-3300 m a.s.l.). The altitudinal belts of the southern range: the belt of piedmont deserts (600-800 m a.s.l.); the steppe belt with sub-belts desert steppes (800-1500 m a.s.l.), and meadow steppes (1500-1700 m a.s.l.); the forest-meadow belt (1700-2400 m a.s.l.); the belt of sub-alpine meadows, steppes and elfin woods (2200-2800 m a.s.l.); the belt of cryophytic (alpine) meadows and steppes (2800-3500 m a.s.l.).
Routes in the Zhetysu Alatau covered: foothill plains, valleys of the rivers Lepsy, Tentek with tributaries; the rivers Sarkan, Terekty, Baskan, Tyshkan, Usek, Koksu, Borohudzir; Lepsy intermountain valley, low mountains Ortatau, Atyzhek, Malaisary; the northern range; the mountain ridges of southern range: Toksanbay, Tyshkantau, Altyn Emel, Orikty, Tulkili, Matai; gorges Sulymatai, Uzynbulak; areas of groundwater runoff Mynbulak, Dongelekbastau and Kolbastau in piedmont valleys (Fig. 1) . List of Sample areas are in Appendix 1.
We investigated all altitudinal belts except alpine, which we present according to Rubtzov, 1948; Goloskokov, 1984; Rachkovskaya et al., 2003 .
Methods
The study on vegetation was carried out using traditional methods of field geobotany (Bykov, 1978; Field Geobotany, 1959 -1976 ) including description of main plant communities of the research areas and landscape-ecological profiling. Collection of herbarium specimens was conducted simultaneously with the study of vegetation cover in all habitats. The Vegetation Description Form was used to record vegetative and environmental characteristics of the 100 sq. m sample plots. The form included the following information: GPS coordinates, elevation, topography, soil type, percent cover, species list, аbundance by Drude scale (Drude, 1913; Bykov, 1978) , degree and type of disturbance, etc. Symbols of Drude's scale indicate frequency of occurrence/coverage of a species. The symbols are as follows: soc (socialis) -the dominant species, frequency of occurrence/coverage exceeds 90%; cop 3 (copiosus) -an abundant species, frequency of occurrence/coverage is up to 80%; cop 2 . For description of each ecological-physiognomic type we analyzed at least five Vegetation Description Forms. To determine the types of meadows we used the data from our field studies and compared them with the published ones (Novikova, 1997; Ogar, 1999; 2003) . Soils, species composition, and dominant plant species were identified for each type of meadows.
Identification of plants was conducted using the 9-volume "Flora of Kazakhstan" (1956 Kazakhstan" ( -1976 and taxonomic revision of species names developed by S. Cherepanov (1995) . The source of plant names of Chinese part of the mountains was "Flora of China". Soil types are presented on Sokolov et al. (1978; 
Results
Meadow vegetation occupies a wide altitudinal range from piedmont deserts and low mountains to subalpine and alpine belts.
In the belt of piedmont deserts, meadows are found in depressions with groundwater runoff (Achnatherum splendens (Trin.) Nevski, Phragmites australis (Cav.) Trin. ex Steud., Inula caspica Blum ex Ledeb., Vicia cracca L., Amоria repens (L.) C. Presl, etc.). In the piedmont valley of the Altyn Emel ridge (the southern range) at brook springs, develop dense shrub thickets, halophytic and swamp meadows ( Table 3) . In low-mountain area at the steppe belt elevation points, meadows are found in river valleys and in intermountain depressions. Let us consider the meadow vegetation of the Lepsy intermountain valley (the northern range). There, at the altitude from 984 to 1071 m a.s.l., typical forb-grass and steppe meadows, which are used for the most part for haying. The species composition of plant communities is represented by numerous forage (Festuca valesiaca Gaudin, Medicago falcata L., Elytrigia repens (L.) Nevski, Phleum phleoides (L.) Karst., etc.) and pharmaceutical (Agrimonia asiatica Juz., Origanum vulgare L., Bupleurum aureum Fish. ex Hoffm., Hypericum perforatum L., etc.) plant species ( Table 4) . 
Bromus japonicus
Thunb. 
Verbascum orientale (L.) All. We shall consider mid-mountain rich grass-forb meadows using the Seghizbay pass (the northern range) as an example ( Table 5 ). (Goloskokov, 1984; Rubtsov, 1948) . Kobresia meadows are typical of smooth hill slopes, frequently confined to ancient moraine deposits. The composition of those meadows has occasional representation of Thalictrum alpinum L., Bistorta vivipara, Festuca kryloviana, Potentilla gelida, Papaver croceum, etc. Low-herb meadows on steep stony slopes have sparse herbage, in the species composition prevail Bistorta vivipara, B. elliptica (Willd. ex Spreng.) Kom., Primula algida, Geranium saxatile, Trisetum altaicum Roshev., T. spicatum (L.) K. Richt., Festuca alatavica (St.-Yves) Roshev. (Rubtsov, 1948 The Tentek river with its tributary Orta Tentek pertains the Sassykkol lake basin. Study in the Orta Tentek river valley were conducted at elevation from 1594 to 1607 m a.s.l. The valley arboreal vegetation is formed by gallery woodland of birch (Betula tianschanica Rupr.) with sporadic Tien Shan spruce (Picea schrenkiana Fisch. & C.A. Mey.) and willow (Salix triandra L.). The shrub layer includes Salix kirilowiana Stschegl., Myricaria bracteata. Swamp meadows are distributed in the river floodplain, steppe meadows are spread on the river terraces ( Table 7) . The majority of rivers of the southern range (the Usek, Tyshkan, Khorgos, Borokhudzir, etc.) pertain to the Ile river basin. The Usek river is a tributary to the Ile river, the study comprised elevation points from 922 to 1225 m a.s. 
Discussion
Meadow vegetation of the Zhetysu Alatau Mountains is characterized by high species diversity and representativeness of valuable forage, pharmaceutical, honey, and other useful plants.
According to ecological-physiognomic classification, 6 vegetation types of meadows are found in the Zhetysu Alatau Mountains: halophytic on meadow-serozem saline soils, flood-plain-valley (forb-grass typical, grass-forb on floodplain meadow and meadow-chernozem soils; swamp meadows on paludal-meadow soils), steppe on meadow-chernozem and meadow-kastanozem soils, mid-mountain rich grass-forb on ordinary and leached chernozems, high-mountain subalpine on mountain-meadow subalpine turf soils, high-mountain alpine on mountain-meadow alpine turf soils.
Photos of the meadow types are shown in Appendix 2. Halophytic meadows are formed on meadow-serozem saline soils with the shallow (1.5-2.5 m) groundwater Permanent haymaking impact promotes changes of plant communities' structure, dominant composition, abundance and viability of species. Haymaking is conducted in the summit of efflorescence (maximal development) of the main dominant species. Haying does not allow those plant species to seed, to leave seed stock in soil. In this period propagate vegetative flexible species (grasses). As a result, forb communities very quickly become grass ones or with considerable participation of the latter. In addition, there occurs introduction of weed plants. (Catorci et al., 2016) The short season of vegetation in the mountains creates certain difficulties in the use of natural hayfields. Since the plants develop and finish their growing season rapidly, all the haymaking activities have to be performed on a tight schedule. Untimely and delayed hay harvesting reduces the nutritional quality of hay and lessens forage weight. In delayed hay harvesting, grasses lodge, their stems are intertwined and it becomes difficult to perform machine harvesting. This is often observed in tall grass hayfields with prevailing Dactylis glomerata, Bromopsis inermis, Elytrigia repens, Medicago falcata, Onobrychis arenaria, etc. (Zotov et al, 1987) .
Conclusions
The most diverse meadows are located in the northern range of the Zhetysu Alatau Mountains, meadow vegetation of the southern, more arid range is distributed in fragments, and steppes and shrubby thickets are spread in great areas (Dimeyeva et al., 2015b ). The reason is the different amount of annual precipitation.
Two State National Nature Parks cover a part of the Zhetysu Alatau Mountains, including areas with meadow vegetation. The "Zhongar Alatau" National Park is located in the northern range. There are widespread forb-grass typical, steppe, floodplain and high-mountain meadows, which could serve as a standard of undisturbed natural ecosystems. The National Park "Altyn Emel" is located in the southern range. Various types of halophytic meadows are presented here, with fragments of floodplain meadows. In the buffer zone of the national parks, meadows are used moderately.
The survey corroborated that the weak and moderate use of meadows is optimal to maintain a high diversity of species. This confirms intermediate disturbance hypothesis
